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Abstract

With a multi-stage collimation system and magnetic ironilgps in the tunnel, the back-
ground particle fluxes on the ILC detector can be substéntiatuced. At the same time,
beam-halo interactions with collimators and protectivesksan the beam delivery system cre-
ate fluxes of muons and other secondary particles which daexsteed the tolerable levels
for some of the ILC sub-detectors. Results of modeling ohdaeckgrounds in comparison to
those from thee"e™ interactions are presented in this paper for the SiD detecto
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1 Introduction

The collimators of the International Linear Collider (IL8eam Delivery System (BDS) are in-

tended to localize the beam loss in dedicated regions far the Interaction Point (IP) to substan-
tially reduce backgrounds in the collider detectors [1}tieke fluxes resulting from the interactions

of beam halo with the collimators, protective masks andrdih@ting apertures could still exceed

tolerable levels for some of the ILC sub-detectors. Magrgipilers in the tunnel can reduce muon
fluxes substantially [2]. Response of the Silicon Detec®DJ sub-detectors [3] to these back-
grounds is calculated and presented in this report.

2 BDSand Detector M odels, Scraping Rate and Beam Parameters

Following the SLAC Linear Collider (SLC) experience, it issamed that the ILC collimation sys-
tem cuts 0.1% of the beam outside of a predefined beam envefyumh scraping rate at the SLC
could be explained by absence of pre-linac collimation anthlbs coming from the dumping rings.
Using the same loss rate in the ILC BDS seems to be consezyatit it is accepted at the present
stage as a specification for the collimation system and BOsgyde [1, 4]. Details of the BDS
and collimation system designs and calculated beam log#bditons in the region are described
elsewhere [1, 5, 6].

Beam losses in the BDS are simulated with the STRUCT code $tarting from beam loss
distributions on the betatron and momentum spoilers SP2, SIPEX, full 3-D shower simulations
through the entire 1.8-km long BDS system are performed thithMARS15 code [8]. A sketch
of the ILC collimation system layout used in the calculasios presented in Fig. 1. The MARS15
model of the BDS includes all the primary collimators (spm), absorbers, protection collimators,
synchrotron radiation masks, focusing and bending magmigtsproper materials, 3-D geometry
and magnetic fields, tunnel walls and surrounding dirt [1Jhe3e calculations provide particle
parameters and tagging information with the cutoff enef@ybMeV at the entrance to the detector.

The source of the muon component of BDS backgrounds is ctrated in the collimation
region 800 to 1500 m from the IP. Muon flux from this source andletector can be substantially
reduced by massive magnetic steel blocks in the tunnel rctosthe experimental hall [9]. With
two spoilers 9 and 18-m long at 648 and 331 m from the IP, themiluxes at the detector can
be reduced by a few thousand times, as was shown with the MU@A&d MARS15 codes [2].
Each muon spoiler consists of two steel parts with magneils which provide the opposite field
polarities in order to compensate field in the beam pipe. Thgnatic field in the iron is 1.5 T.
The gap between the parts accommodates the beam pipe. Ttiagvsiots in the center of each
iron part are 10-cm wide and 1-m high with a field of about 0.8 fiey are assumed empty in
this study. The spoilers are extended into the tunnel walliy 60 cm horizontally to prevent
muon backscattering. The spoiler geometry, magnetic fistdloution as well as simulated particle
tracks in the spoiler region — as modeled with MARS15 — arevshia Fig. 2. The calculations are
performed for two cases: with and without muon spoilers e@BIDS tunnel.

SiD detector response is calculated using the SimulatothLinear Collider (SLIC) and its
geometry package, Linear Collider Detector DescriptioBD). LCDD includes various detector
configurations, such as SiD, GLD, TESLA(D09) and others [18jmulations in this paper are
performed using the Silicon Detector (SiD) geometry. Sldkes into account a detailed description
of the SiD geometry, the magnetic field and sensitivity ofed#nt sub-systems. A two-dimensional
view of a SiD quadrant is shown in Fig. 3. SLIC provides pasisjto calculate time and space
distributions of hits in the detector. The SiD LCDD desdaptincludes 12 detector sub-systems.



“Calorimeter” type hits are simulated in the Muon Endcap Badel, Hcal Endcap and Barrel, Ecal
Endcap and Barrel, ForwardEcal Endcap and Luminosity MenitTracker” hits are simulated
for tracker (Endcap and Barrel) and vertex (Endcap and Batetectors. The “calorimeter” hit
information is quantized into cells in the GEANT4 progranheTtotal energy deposited (and time
of deposition) by each primary particle in a calorimetel isetecorded. This, however, is done at a
finer segmentation than is expected to be available in a sgattbr. A “real” number of hits could
be lower if realistic segmentation and thresholds are tafemaccount. It could be done when
details of the detector geometry are finalized.

The nominal ILC beam parameters [11] are used in this studybeam consists of 5 trains per
second with 2820 bunches in each train, time between traihi89 ms, the train length is 8&
There are 2 109 positrons/electrons in each bunch and the luminosity»sl?* cm=2 s1.

3 BDSInduced Detector Backgrounds

The spoilers drastically reduce muon and electron fluxeseatétector. The BDS-induced muon
flux averaged over the tunnel cross-section at the entrantteetexperimental hall is 4.1 crés !
without spoilers, while it is 1.2 10~2 cm~2s~1 with the spoilers described in the previous section.
Note that the effect of muon penetration through the cegimal and holes in the left/right parts is
quite substantial: filling them with steel reduces the abitwe by a factor of three, resulting in a
shielding effect of such hypothetical spoilers of a factbt@'. Filling/screening of these openings
(at least partial) to reduce further backgrounds in thealetend radiation levels the experimental
halls should be considered in the future.

Average number of background particles produced by therposbeam and their average en-
ergy at the Muon Endcap (589 cm from the IP) are presented fe3dl-2. Energy spectra of
background particles are shown in Fig. 4. Average numbeeaedyy of photons and positrons are
practically not changed by the spoilers. Most of photons pwgltrons are coming near or inside
the beam pipe while radial distributions of other partichkes rather flat over the first three meters
from the beam axis (see Fig. 5). Based on a limited stati&iiceeutrons, their flux rises about 20
times with the spoilers installed. The neutrons coming fthmtunnel are not a serious concern
at this stage, because it is envisioned that there will bedsta concrete wall plugging the tun-
nel at the entrance to the experimental hall which will absoost of the BDS neutrons. Similar
machine-induced backgrounds irradiate the other sideeofi¢tiector from the electron beam.

There is also the IP-related background in the deteeta, pairs and radiative Bhabhas from
beam-beam interactions [2]. Maruyama [12] has calculagsgponses of the vertex and tracker
SiD sub-detectors to these backgrounds using the GEANT &aiteapig programs. These back-
grounds depend on the beam crossing angle. The IP-relatégroand could be reduced using a
low-Z masks in the detector. The 20-mrad option with a lowhigkling is selected for comparison
with calculations presented in this report. The BDS-indlizackground hit rates are compared with
hits produced by electron-positron interactions in theS€condary particles from 25@250 GeV
ete™ collisions are simulated using the PYTHIA code [13] with ass-section of B x 10-8 mb.
The detector response for these particles is calculateg) tise SLIC code.

4 Hit Ratesin Sub-Detectors

Hit rates in SiD detector sub-systems from the positronéliR backgrounds anef e~ events are
presented in Fig. 6. Background from the tunnel (no spoii¢ion) produces much more hits in the
muon system thae" e~ interactions in the IP. The BDS-backgrounds (without sejl andete™



collisions give almost identical hit rates in the hadroradocimeter. The spoilers reduce the rates
in these sub-detectors by more than three orders of magnitadll other sub-detectors, thée™
contribution dominates.

The muon spoilers reduce the BDS-induced backgrounds ih ofitise sub-systems. The only
exception is the vertex detectors where the effect is opmosithough this conclusion is based on
a low statistics for these sub-detectors. The effect oflsmoshould be negligible there, because
the main source of the tunnel background for vertex detedtonear-beam positrons and photons.
These positrons are due to the beam halo “quasi-elastid¢tesicay in the collimator jaws. They
pass the spoilers within the beam pipe. The related photenseated after the spoilers. Therefore,
the numbers and spectra of these particles in the near-begionrat the IP (vertex detectors) are
practically not affected by the tunnel spoilers (see Tabli@sand Fig. 4). As seen from Fig. 6, the
IP-induced backgrounds dominate the vertex Endcap ane&Barcupancies.

A statistical uncertainty of neutron-produced hit ratesubstantial. At this stage, the details
that drive the neutron fluxes in the ILC detectors — configonatdimensions and materials of the
experimental hall and tunnel interface, passive mateagthe calorimeters — are quite uncertain.
There are also concerns about accuracy of the current SBENI 4 simulation of low-energy
neutron transport [17].

Hit rates for the BDS backgrounds are presented in TablesMubns are the main source of
the machine backgrounds for the SiD except luminosity neoni¥ost of the muons have enough
energy to pass through the whole detector (see Fig. 7). Thwe merpendicularly to the sensitive
layers of the Endcaps (Muon, Hcal, Ecal, FEcal). Therefewery muon produces about one hit in
a sensitive layer of the Endcaps. Total hit numgr in the Endcaps can be estimated as

I'max

N = [ drfy(r) Ny, (1)
I'min

where fy(r) is the radial distribution of incoming muons (Fig. #hin andrmax are the minimal and

maximal radii of the Endcap, andy is a number of sensitive layers. The tracker Endcap is the

special case. It consists of two sub-systems, 5 layers @achevery layer has different minimal

and maximal radii. There are two detection planes in eadtr.ldy this case

> “Imaxn
Nijt = 2 X 2 % Z/ " drty(r). )
n=1" Fmin(n)
A comparison of simulation and a simple model (1)-(2) is shawTable 5. The model agrees
with the SLIC simulations of muon hits in the Endcaps withiioat 20%. This model can be used
to estimate hit rates in the Endcaps for different Endcamdss

5 Tolerable Limitsand Machine Backgrounds

Possible approach to the tolerable background levelsfierdiit ILC detector sub-systems was dis-
cussed in Ref. [14]. For calorimeter, tracker and vertegctets, a limit on a background occupancy
was estimated to be about 1%. A segmentation of the SiD oadbeirs is not finalized yet. Using a
cell size of 1 cr and Table 3, the background occupancy for the calorimetarside estimated.
Results are presented in Table 6 and can be simply re-scakeabther cell size. The occupancy
levels are smaller than 1% if the detector integration tismghiorter than a time between bunches.
An estimate of acceptable background levels in the SiD &atias also been presented in
Ref. [16]. To avoid a pattern recognition problem, the hihglty from charged particles should
be lower than 0.2 hit/cAfbunch. To avoid a pile-up problem, the background levelkhbe lower



than 0.2 hitmr/train. The calculated tunnel-related background distidims in the Tracker End-
cap and Barrel are rather flat (see Fig. 8). Therefore, thddmsities are simply the ratios of hit
numbers (from Table 3) and areas of the Endcap and Barretigerayers, respectively. For the
Tracker Endcap, the hit density is<710-4/cr?/bunch or 0.02/mrfitrain. For the Tracker Barrel,
the hit density is 4 10-%/cr?/bunch or 0.001/m#itrain. The tunnel background (no spoiler case)
in the SID tracker is also lower than the acceptable levetiefised in Ref. [16].

There are two estimates of the acceptable background lievdle SiD muon system [15]. The
RPCs (sensitive media) need 1 ms to re-charge a?area around the avalanche. Therefore, the
background rates of the order of 100 Hzfowould result in an unmanageable dead time. A radial
hit distribution in the Muon Endcap is shown in Fig. 9. There 84100 bunches/s, thus the tunnel
background rate in the Muon Endcap (without spoilers) isia860 Hz/crd, four times larger than
the acceptable level [15]. The other limit (1 muonfés) was presented as a conservative expert
estimate [15]. A radial muon distribution at the Muon Endeagrance is presented in Fig. 10. The
tunnel backgrounds (without spoilers) exceed this levelabour times.

If the detector sensitivity window is less than the time betw the bunches, it is possible to
use the difference in the signal and background timing toemee the signal/background ratio.
Time distributions of hits in the detector sub-systems aesgnted in Fig. 11-34. The time of a
bunch crossing is chosen to be zero for these plots. A sidsietstarts collecting signals after a
bunch crossing. Background hits produced before crossingotl count. The hits created by the
tunnel background after a bunch crossing are presentediie Taogether with the total rates. The
machine background after a bunch crossing is about twicerldan the total for the subsystems
where muons dominate. Time window could be a very effectiygpsessor of background for
the barrels (Muon Barrel, Hcal Barrel, Ecal Barrel). Notaiaghat Figs. 1, 3-4, 6-8, 11-34 and
Tables 1-5 present the machine background coming from thiérpo side only. About the same
number of background particles comes from the electron &idémates of the occupancy (Table 6),
comparison of background levels and tolerable limits inrttien system and tracker are performed
for particles coming from the both sides.

The machine-related backgrounds are calculated in théy dtr the positron beam coming
to the IP. The muon fluxes here are slightly higher than forefleetron-beam side, because of an
extra annihilationret e~ — p*u~ at the very beginning of shower development in the collimgto
The choice of collimator materials is important. A crosstgm of the above annihilation process
is proportional to the atomic charge A cross section of a muon pair productionyifx interac-
tions (Bethe-Heitler processes — the dominant source ofnnfluses at the detector) rises 3.
Therefore, the BDS-generated muon fluxes in the collisidis ltan be reduced by use of lad-
material for the collimators contributing most to the backgqd. In this case, the difference be-
tween the positron and electron side backgrounds will beersignificant because of a more visible
contribution from annihilation in lowZ material.

6 Backgroundsand Detector Performance

Backgrounds affect ILC detector performance in three magys: detector radiation aging, recon-
struction of background objects (for example, tracks) etdted to products aé" e~ interactions,
and deterioration of detector resolution (for examples ghergy resolution due to extra energy
from background hits). Detailed simulations (beyond daltons presented in this paper) of the
detector response to particles from primaryg~ collisions as well as other sources of backgrounds
are needed in order to select final configuration of the BD&8uding shielding, and to optimize
detector performance.



Analysis of fluxes presented on Fig. 6 demonstrates thattlatkgrounds provide large num-
ber of extra hits in the muon detectors, while in other detscbackgrounds from the IP dominate.
Still, even without magnetic spoilers, background muondhuare within tolerable levels for muon
detectors designed for modern collider experiments [18ith\Wagnetic iron spoilers, the BDS-
related backgrounds in all SiD detectors become well beh@d® and e+e- interaction backgrounds
improving detector longevity and performance. Note thaitler essential function of the tunnel
spoilers is to reduce radiation levels in a second expetimhdérall where construction work on a
second collider detector can be underway while the ILC bezim®n.

7 Conclusions

Detailed calculations of the background fluxes in the Sizcletr components for ILC parameters
from [11] and assumption of 0.1% beam loss in BDS are predentthis paper. Background flux
distributionsvsdistance to the beam pipe, type of the particle creatingggraposition and timing
of the hits with respect to the bunch crossing are preseiiteese studies provide important infor-
mation for ILC detector designers opening options to redhamkgrounds by appropriate selection
of detector properties, such as sensitivity to differepetyof particles and timing characteristics of
the detectors. Option of reducing muon fluxes on the ILC detday installing magnetic iron spoil-
ers in the BDS tunnel is discussed. Such spoilers will redazgdkground muon fluxes on the ILC
detector components to the level well below backgrounds fitee IP region and*e collisions.
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Table. 1 : Average number of particles per bunch at the SiD from pasitunnel.

y e et e neutron
With spoilers 2927 0.024 1172 .10 * 6364
No spoilers 2942 60.4 1095 10 346

Table. 2 : Average kinetic energy (GeV) of particles at the SiD fronsipon tunnel.

y uwoet e neutron
with spoilers 54-10° 38 251 0.13 %.10°
nospoilers %-10% 28 250 0.19 710¢

Table. 3 : Contribution of particles from the positron tunnel to hates in the SiD sub-detectors
without spoilers.

All y ut et e neutron
hits/lbunch % % % % %
Muon Endcap 4711 0.2 994 0.1 03 O
Muon Barrel 49 0 100 O 0 0
Hcal Endcap 584 0 100 O 0 0
Hcal Barrel 314 0 100 O 0 0
Ecal Endcap 435 0 100 O 0 0
Ecal Barrel 100 0 100 O 0 0
FEcal Endcap 12 0 100 O 0 0
Tkr Endcap 79 0 95 5 0 0
Tkr Barrel 20 59 41 0 0 0
Vitx Endcap 67-10°% 0 100 0 O O
Vix Barrel 54.10% 0 100 0 O 0
Luminosity Monitor 36 45 10 45 0 0
Table. 4 : Contribution of particles from the positron tunnel to hates in the SiD sub-detectors
with spoilers.
All y = e" e neutron
hits/bunch % % % % %
Muon Endcap 2.4 0 99 O 0 1
Muon Barrel 0.045 0 100 O 0O O
Hcal Endcap 0.642 0 100 O 0O O
Hcal Barrel 0.074 0 100 O 0O O
Ecal Endcap 1.28 62 38 0 0O O
Ecal Barrel 0.41 984 16 O 0O O
FEcal Endcap 3.10% 0 100 O 0 O
Tkr Endcap 10.5 725 07 268 0 O
Tkr Barrel 4 70 0 30 0O O
Vix Endcap 1.6 100 O 0 0O O
Vix Barrel 0.8 0 0 100 0 O
Luminosity Monitor 36 35 0 65 0O O




Table. 5 : Comparison between simple model (1)-(2) and simulation.

spoilers N muons N layers muon hits muon hits all hits
rmin < p < pmax (1)-(2) simulation simulation

Muon Endcap no 60.4 42 5798 4685: 160 4711
Hcal Endcap no 10.7 32 725 584+ 50 584
EcalEndcap no 9.5 3@ 568 435+ 43 435
FEcal Endcap no 0.078 32 4.7 117+4.6 11.7
Tkr Endcap no 23 (52-2 92 75+ 10 79
Lum Monitor no 0.024 502 2.4 39+25 36
Muon Endcap yes 0.024 43 2.3 24+0.6 24
Hcal Endcap  yes 8-10°3 34.2 0.46 064+ 0.28 0.64
Ecal Endcap  yes 8-10°3 30-2 0.41 048+ 0.22 1.28
FEcal Endcap vyes 2-107°° 302 13-10% 54.10%+4.4-10* 54.-10*
Tkr Endcap yes 0.013 2 0.052 0078+ 0.040 10.5
Lum Monitor  yes 13-10°° 50-2 13-10% 34.10%+21-10% 36.

Table. 6 : Tunnel background occupancies in sub-detectors (noesppilaking into account both

electron and positron beam losses.

Sensitive area Hit number occupancy
cn? per bunch per bunch
Muon Endcap 1.310° 47112 0.008 %
Muon Barrel  8.210’ 49.2 0.0001%
Hcal Endcap  3.91C° 584.2 0.03 %
Hcal Barrel 2.2107 3142 0.003 %
Ecal Endcap  2.91(° 435.2 0.03 %
Ecal Barrel 9.010° 100-2 0.002 %
FEcal Endcap 1.010° 122 0.02 %
Lum Monitor  6.3-10% 36-2 0.12%

Table. 7 : Tunnel background in SiD sub-detectors, total and aftachiwcrossing (BC) taking into
account both electron and positron sides.

no spoilers no spoilers  with spoilers  with spoilers
total after BC total after BC
hits/bunch  hits/bunch  hits/bunch hits/bunch
Muon Endcap 9422 3646 4.76 2.7
Muon Barrel 98 48 0.045 0.018
Hcal Endcap 1168 512 0.642 0.341
Hcal Barrel 628 322 0.148 0.060
Ecal Endcap 870 404 2.56 2.046
Ecal Barrel 200 102 0.82 0.806
FEcal Endcap 24 13.4 .10 59.104
Tkr Endcap 158 84 21 16.89
Tkr Barrel 40 34 8 8
Vitx Endcap 13102 13.102% 3.2 3.2
Vix Barrel 11-102 11-102 1.6 1.6
Luminosity Monitor 72 394 72 20
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created by particles coming from positron tunnel only.

Figure 8: RZ distribution of hits per bunch in Tracker Endc&yp spoilers. Background is
created by particles coming from positron tunnel only.
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Figure 9: Radial distribution of hits in Muon Endcap. Solittl - total background, dashed
line - background after bunch crossing. No spoilers. Ragicoming from electron and
positron tunnels are included.
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Figure 10: Radial distribution of muons at the Muon Endcafragrce. Solid line - no spoilers,
dashed line - tunnel with spoilers. Muons coming from etatind positron tunnels are included.
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Figure 11: Time distribution of hit rates in Muon Endcap. i8dine - BDS background
(no spoilers), dashed lineet e~ events. BDS background is from positron tunnel only.
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Figure 12: Time distribution of hit rates in Muon Endcap. i8dine - BDS background
(with spoilers), dashed linee" e~ events. BDS background is from positron tunnel only.
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Figure 13: Time distribution of hit rates in Muon Barrel. Bdine - BDS background (no
spoilers), dashed lineet e~ events. BDS background is from positron tunnel only.
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Figure 14: Time distribution of hit rates in Muon Barrel. Boline - BDS background
(with spoilers), dashed linee" e~ events. BDS background is from positron tunnel only.
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Figure 15: Time distribution of hit rates in Hcal Endcap.i8dihe - BDS background (no
spoilers), dashed lineet e~ events. BDS background is from positron tunnel only.
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Figure 16: Time distribution of hit rates in Hcal Endcap. i&dine - BDS background
(with spoilers), dashed linee" e~ events. BDS background is from positron tunnel only.
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Figure 17: Time distribution of hit rates in Hcal Barrel. Bdine - BDS background (no
spoilers), dashed lineet e~ events. BDS background is from positron tunnel only.
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Figure 18: Time distribution of hit rates in Hcal Barrel. Bidine - BDS background (with
spoilers), dashed lineet e~ events. BDS background is from positron tunnel only.
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Figure 19: Time distribution of hit rates in Ecal Endcap.i&tihe - BDS background (no
spoilers), dashed lineet e~ events. BDS background is from positron tunnel only.
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Figure 20: Time distribution of hit rates in Ecal Endcap. i&dihe - BDS background
(with spoilers), dashed linee" e~ events. BDS background is from positron tunnel only.
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Figure 21: Time distribution of hit rates in Ecal Barrel. f6dine - BDS background (no
spoilers), dashed lineet e~ events. BDS background is from positron tunnel only.
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Figure 22: Time distribution of hit rates in Ecal Barrel. fidine - BDS background (with
spoilers), dashed linee* e~ events. BDS background is from positron tunnel only.
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Figure 23: Time distribution of hit rates in Tracker Endc&uwlid line - BDS background
(no spoilers), dashed lineet e~ events. BDS background is from positron tunnel only.
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Figure 24: Time distribution of hit rates in Tracker Endc&wlid line - BDS background
(with spoilers), dashed linee" e~ events. BDS background is from positron tunnel only.

24



'O
o 10F
< :
9 [
8 [
% 1 I-'-.
100 ST e
107
[ [ | | T R
-20 0 20 40 60 80 100
t, nsec

Figure 25: Time distribution of hit rates in Tracker Barr8olid line - BDS background
(no spoilers), dashed lineet e~ events. BDS background is from positron tunnel only.
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Figure 26: Time distribution of hit rates in Tracker Barr8olid line - BDS background
(with spoilers), dashed linee" e~ events. BDS background is from positron tunnel only.
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Figure 27: Time distribution of hit rates in Vertex Endcamli® line - BDS background
(no spoilers), dashed lineet e~ events. BDS background is from positron tunnel only.
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Figure 28: Time distribution of hit rates in Vertex Endcamli® line - BDS background
(with spoilers), dashed linee" e~ events. BDS background is from positron tunnel only.
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Figure 29: Time distribution of hit rates in Vertex Barrebli line - BDS background (no
spoilers), dashed linee* e~ events. BDS background is from positron tunnel only.
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Figure 30: Time distribution of hit rates in Vertex Barrelolid line - BDS background
(with spoilers), dashed linee" e~ events. BDS background is from positron tunnel only.
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Figure 31: Time distribution of hit rates in Forward Ecal Ead. Solid line - BDS back-
ground (no spoilers), dashed linete~ events. BDS background is from positron tunnel
only.
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Figure 32: Time distribution of hit rates in Forward Ecal Ead. Solid line - BDS back-
ground (with spoilers), dashed linete™ events. BDS background is from positron tunnel
only.
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Figure 33: Time distribution of hit rates in Luminosity Maoi. Solid line - BDS back-
ground (no spoilers), dashed linete~ events. BDS background is from positron tunnel
only.
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Figure 34: Time distribution of hit rates in Luminosity Maoi. Solid line - BDS back-
ground (with spoilers), dashed linete™ events. BDS background is from positron tunnel
only.
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